The authors present a didactic illustration of how item response theory (IRT) can be used to separate measurement bias from true group differences on homogeneous and heterogeneous scales. Several bias detection methods are illustrated with 12 unidimensional Minnesota Multiphasic Personality Inventory (MMPI) factor scales (Waller, 1999) 
and scale bias on unidimensional (Raju, 1988 (Raju, , 1990 and multidimensional (Oshima et al., 1997) scales.
One of our goals is to encourage the assessment community to use these psychometric models when conducting group comparisons research (e.g., in racial, ethnic, cross-cultural, or gender group comparisons).
Toward this end we demonstrate how IRT can be used to elucidate the psychometric properties of 12 homogeneous factor scales that can be scored on the MMPI (Waller, 1999) . We realize that most MMPI and MMPI-2 scales are not homogeneous, a fact that likely explains why IRT models for item and scale bias have heretofore not been applied to the MMPI.
Although scale heterogeneity (i.e., multidimensionality) is a putative impediment in the application of IRT to the MMPI validity and clinical scales, we demonstrate how unidimensional IRT models can be used to assess measurement invariance on these scales.
This article is organized as follows. The first section provides a brief review of the MMPI bias literature with respect to Black-White differences in scale elevation. The second section provides a relatively nontechnical introduction to the two-parameter logistic IRT model (2-PLM; Birnbaum, 1968; Lord, 1980) . The third section describes how this model can be used to separate measurement bias from true group differences on estimated latent variables. The fourth section characterizes the samples used in our didactic example and reports the results of a series of analyses aimed at detecting differential item and test functioning on the MMPI factor, validity, and clinical scales.
Finally, in the last section, we discuss the implications of our analyses for future research aimed at distinguishing measurement bias from true group differences on homogeneous and heterogeneous scales.
Black-White Differences on the MMPI: A Brief Review of the Literature
The literature on MMPI Black-White differences has been characterized by a level of passion not often found in academic writing. During the 1970s and 1980s, for example, articles routinely appeared with provocative titles such as "Is the MMPI an Appropriate Assessment Device for Blacks?" (Gynther, 1981) and "White Norms and Black MMPIs: A Prescription for Discrimination?" (Gynther, 1972) . Reviewers of this literature (Gynther & Green, 1980; Pritchard & Rosenblatt, 1980a , 1980b expressed strong opinions, and they frequently came away with widely opposing conclusions when reviewing similar' bodies of work (Greene, 1987; Gynther, 1989) .
Two points of contention galvanized the controversy during this period. The first was whether Blacks scored significantly higher than Whites on various MMPI scales, and the second was whether those differences, if they existed, were attributable to biased measurement. Dozens of articles compared Blacks and Whites on the MMPI validity and clinical scales (reviewed in Dahlstrom, Lachar, & Dahlstrom, 1986; Greene, 1991) . Many others attempted to document Black-White differences at the item level (Bertelson, Marks, & May, 1982; Costello, 1973 Costello, , 1977 Gynther & Witt, 1976 : Harrison & Kass, 1967 . 1968 Jones, 1978; Miller, Knapp, & Daniels, 1968; Witt & Gynther, 1975) .
Gynther (1972 , 1989 Gynther & Green, 1980; Gynther, Lachar, & Dahlstrom, 1978) , in an influen- (Gynther, 1972, p. 386) . He also suggested that these differences stemmed from inherent biases in the test, and consequently he called for race-based norms for scoring and interpreting the MMPI (Gynther & Green, 1980; Gynther et al., 1978; Gynther, 1972) . Other researchers (e.g., Pritchard & Rosenblatt, 1980a , 1980b were quick to disagree, and some pointed out that without further information Black-White score differences could not speak to issues of test bias or test fairness. Pritchard and Rosenblatt (1980b) , for instance, noted that "scale differences between racial subgroups imply differential rates of classification error only when the racial subgroups in a sample have equivalent base rates for psychopathology" (p. 273, emphasis added). These authors also noted that none of the comparisons cited by Gynther and others had adequately matched their samples on psychopathology, and thus the implications of those studies with respect to differential assessment validity were uninterpretable.
Following Pritchard and Rosenblatt's (1980b) commentary, numerous studies matched Black and White samples on several moderator variables that were believed to account for the observed group differences on the MMPI (Bertelson et al., 1982; Butcher, Braswcll, & Raney, 1983; Newmark, Gentry, Warren, & Finch, 1981; Patterson, Charles, Woodward, Roberts, & Penk, 1981; Penk et al., 1982) . Years later, in his review of this literature, Greene (1987) concluded that "moderator variables, such as socioeconomic sta-tus, education, and intelligence, as well as profile validity, are more important determinants of MMPI performance than ethnic status" (p. 509). More recently, Graham (1993) opined that "differences between African Americans and Caucasians are small when groups are matched on variables such as age and soeioeconomic status" (p. 199).
We concur that matching is an important design feature of valid measurement bias research. We also MMPT-2, may contain biased items that, when aggregated, do not produce biased scales. This can occur when a subgroup of items is biased against the majority group and a different subgroup of items is biased against the minority group. When such items are combined, the effects of the biased items can be minimized or eliminated at the scale level (Harrison & Kass, 1967; Raju, van der Linden, & Fleer, 1995) .
A central theme of this article is that group differences at the item or scale level can arise from measurement bias, actual group differences, or a combination of these influences. Thus, studies that report group differences on observed scores cannot unambiguously resolve the question of whether those scores are equally precise, or equally valid, for different groups. Although the inability of group comparisons to resolve issues of measurement bias has been recognized by the psychometrics community for some time (Holland & Thayer, 1988; Jensen, 1980) , this uninformative method continues to be used in many assessment literatures. In the MMPI literature, for instance, group comparisons of scale means are sometimes called the difference of means test (Pritchard & Rosenblatt, 1980a, p. 263 ; see also Greene, 1991, chap. 8; Whitworth & McBlaine, 1993) .
In the next two sections, we review the fundamentals of the 2-PLM IRT model and several methods that are based on this model for identifying biased items and scales. These methods for assessing differential functioning of items and tests do not suffer from the flaws of the so-called difference of means test described above. We focus on IRT methods because of our strong conviction, and the consensus of the psychometrics community (Camilli & Shepard, 1994; Holland & Wainer, 1993; Millsap & Everson, 1993; Thissen, Steinberg, & Gerrard, 1986) , that IRT models provide the most powerful methods for detecting differential functioning of items and scales in group comparisons research (e.g., racial bias, cross-cultural comparison, and questionnaire translation research; see Ellis, Becker, & Kimmel, 1993; Ellis, Minsel, and Becker, 1989; Huang & Church, 1997; Hulin & Mayer, 1986) . Readers who are familiar with the 2-PLM for dichotomous items (Hambleton et al., 1991; Reise & Waller, 1990 ) may wish to proceed to the third section.
A Brief Overview of the Two-Parameter
Logistic IRT Model
The rubric IRT covers an extended family of psychometric models (van der Linden & Hambleton, 1997) , and thus we make no attempt to describe these models in detail. Rather, we briefly describe the fundamentals of the 2-PLM because it is the most appropriate IRT model for modeling the (MMPI) data in our didactic example. lines. An example IRF for the 2-PLM is illustrated in Figure 1A . Notice that in this figure trait levels are represented on the jt-axis, and the item response probability is represented on the y-axis. Trait levels are customarily scaled to a z-score metric such that the population of trait values has a mean of 0.00 and a standard deviation of 1.00, although other scalings are possible and sometimes used in IRT applications. Notice also that the trait level is called theta in this plot.
In this article, we often use the Greek letter 8 (theta) to denote latent trait values.
The 2-PLM derives its name because the nonlinear item-trait regression function, like the IRF in Figure   1 , is defined by a two-parameter logistic function.
This function can be mathematically defined as 1 where Pj(9,-) denotes the probability that an individual with 6 level i will endorse item j in the keyed direction. The e in Equation 1 denotes the transcendental number that is approximated by 2.71828. The 1.7 in this equation is a scaling factor that makes the logistic IRF similar to the IRF in a two-parameter Normal Ogive item response model (Lord, 1980) . The two parameters of the 2-PLM are the item slope (a) and the item threshold ( (3) parameters. An important characteristic of this model is that item thresholds ($) and participant trait levels (8) are scaled on a common metric. For a particular item, the value of the item threshold equals the 6 level that corresponds to a .50 probability of endorsing the item in the keyed direction. Thus, relatively difficult items-that is, items with low endorsement frequencies-will have high threshold values (i.e., large pi parameters), and they will be located at the high end of the 8 continuum.
Items with low thresholds will be located at the low end of the 8 continuum. The value of the item slope (a) is a function of the steepness of the IRF at that point on the trait continuum where 6, = (3,. This parameter is related to the item factor loading such that items with steep slopes have large factor loadings (Takane & DC Leeuw, 1987 At the item level, measurement equivalence is obtained whenever the IRFs for two groups do not differ (Reise et al., 1993) . In effect, this implies that the probability of endorsing an item in the keyed direction is the same for two individuals with equal trait values (i.e., individuals who are perfectly matched on the latent trait) regardless of group membership. Notice that in this definition of measurement equivalence, we are not assuming that individuals from different groups will have identical endorsement probabilities. On the contrary, measurement equivalence requires that we observe equal endorsement probabilities for individuals with equal trait values.
Consider the two IRFs in Figure IB . For purposes of illustration, we can imagine that these IRFs represent the item-trait regression functions for Blacks and Whites on an MMPI item. Let the solid line denote the IRF for Whites and the dashed line the IRF for Blacks. Notice that the probability of endorsing this item in the keyed direction is higher for Whites than it is for Blacks at virtually all 0 levels. When this occurs we say that the item shows evidence of uniform differential item functioning 1 (DIP; Camilli & Shepard, 1994; Holland & Wainer, 1993) . Importantly, the amount of DIF is not constant across trait levels. Specifically, at very low (-4 to -2) and very high (+2 to +4) trait levels the IRFs are not dramatically different, though at more moderate trait levels the endorsement probabilities differ by as much as .80 on the probability scale. Figure 1C shows an example of nonuniform DIF. This plot illustrates the dangers that can arise whenever groups are compared on items that have groupspecific IRFs. Notice, for example, that in groups composed of individuals with low trait levels, Whites endorse the item more frequently than Blacks. In groups composed of high trait level individuals, the opposite pattern occurs. Namely, in high-scoring groups, Blacks endorse this item more frequently than do Whites. The possibility of nonuniform DIF should clearly make one pause before trying to draw conclusions from the literature on group differences in item endorsement frequencies. For instance, Black-White differences in MMPI item endorsement frequencies have been reported in a number of studies (Costello, 1977; Dahlstrom & Gynther, 1986) . Greene (1987) recently noted that "although from 58 to 213 [out of 566] items have been found to differentiate Blacks from Whites [on the MMPI] in a given study, there has been limited overlap among these items across studies" (p. 503). If many MMPI items show evidence of nonuniform DIF, we would expect such a diversity of findings in studies with samples that vary in average trait level.
Item Response Theory Tests of Differential Item Functioning
From an IRT perspective, several methods are available for detecting the magnitude and significance of different IRFs (see Holland & Wainer, 1993 , for a review). In this study we calculated five IRT measures of DIF: (a) Lord's x 2 test of DIF (Lord, 1980) , (b) Raju's signed area (SA) measure of DIF (Raju, 1988 (Raju, , 1990 , (c) Raju's unsigned area (USA) measure ofDIF (Raju, 1988 (Raju, ,1990 , (d) Raju etal.'s measure of compensatory DIF (CDIF; Raju et al., 1995) , and (e) Raju et al.'s measure of noncompensatory DIF (NCDIF; Raju et al., 1995) . We now briefly describe these measures. Lord's x 2 measure of DIF (Lord, 1980) 
In large samples, Lord's x 2 has a central chi-square distribution with two degrees of freedom. Like many asymptotic test statistics, Lord's x~ suffers from the fact that the statistic is valid only in large samples, yet in large samples almost any difference between the estimated item parameters of two groups will reach statistical significance. Thus, there has been a trend in recent years to place more emphasis on IRT measures of DIP that yield measures of effect size as well as tests of significance. Two such measures that were calculated in the present study are Raju's SA and USA indices (Raju, 1988 (Raju, , 1990 . Both of these indices quantify DTP by integrating the area (i.e., summing up the distances) between two IRFs. Specifically, if P w and P fl denote the estimated IRFs for two groups, say, Whites and Blacks, then for item j,
In words, Equation 5 says that the SA index is computed by adding up the area between the two IRFs for all trait levels (6) from negative infinity to positive infinity. Note that when the IRFs show evidence of nonuniform DIP, as in Figure 1C , for some trait levels the area between the IRFs will be positive and for other trait levels the area will be negative. Thus, the total signed area, represented by SA, might be small (or even 0.00) even when the IRFs differ substantially. The SA can take on positive or negative values. The USA. on the other hand, equals the sum of the absolute values of the differences between the IRFs, and thus the USA can take on only positive values. The derivations of Equations 5 and 6 are presented in Raju's (1988) study. Raju (1990) presented formulas for determining the statistical significance of the estimated SA and USA indices.
A Scale Composed of Biased Items Is Not Necessarily Biased
Returning to our running example, when comparing Black-White differences on the MMPI, some researchers (e.g., Harrison & Kass, 1967) have suggested that the largest differences occur at the item level rather than the scale level. For example, according to Harrison and Kass (1967) , the MMPI validity and clinical scales "are not very sensitive to race differences, whereas the items are remarkably sensitive. A canceling-out process must be at work in each scale" (p. 462). Although, as noted previously, numerous researchers have reported Black-White differences for MMPI scales (Dahlstrom & Gynther, 1986; Gynther, 1972) , the notion that item differences-or more interestingly, item biases-might cancel out at the scale level is an interesting idea that warrants further consideration. Fortunately, this topic has received increased attention in the psychometrics community in recent years (Nandakumar, 1993; Raju et al., 1995; Shealy & Stout, 1993) ; some psychometricians use the terms DIP amplification and cancellation when describing an item's contribution to differential test functioning (DTP) or test bias.
To better understand the concept of DTP or test bias from an IRT perspective requires that we introduce another important idea from IRT: the test characteristic curve (TCC; Hambleton et al., 1991) . Simply put, the (estimated) TCC is the nonlinear regression of observed scores on the (estimated) IRT latent trait values. By logical extension of Equation 1, the predicted true score (T,) for an individual with estimated latent trait leveli is calculated by summing the predicted item endorsement probabilities across all items of a scale. This idea can be mathematically expressed as
where 7} is the predicted true score for subject ;' , J is the number of items on the scale, and the remaining terms are defined as before.
As noted above, the TCC is the nonlinear regression of (predicted) true scores on (estimated) latent trait levels. An example TCC for a hypothetical 25-item test is depicted in Figure ID . Using this concept, we can say that a test (such as an MMPI factor scale) provides equal expected scores for individuals with the same latent trait level regardless of group membership when the TCCs for those groups are identical.
If the TCCs are not identical, then at some point along the trait continuum the expected observed scores for the two groups will differ. The TCC is the sum of the IRFs for a particular scale, a fact that clearly explains why DIP can be amplified or canceled when summing over items. Raju et al. (1995) have introduced a measure of DTP that is calculated from the TCCs of two groups. In terms of our running example, Raju et al.'s DTP index is calculated as 1995) also introduced a measure of noncompensatory DIP, which is calculated as:
where T B and T w are the true scores that are derived from the test characteristic curves for the Black and White examinees. Notice that for the Black participants only (n B ; in Equation 8 we are averaging over the trait scores of Black examinees), we are asking the following question: Would the estimated true scores (i.e., expected observed scores) differ if the items were scored using the estimated item parameters calibrated on the White group versus the estimated item parameters calibrated on the Black group? If the answer to this question is yes, that is, if the TCCs for the two groups differ, then Equation 8 will yield a large positive number and we can confidently conclude that the scale provides differential measurement for Blacks. However, if the TCCs are similar, then Blacks and Whites with similar trait estimates (6) will have similar predicted true scores (within the boundaries imposed by measurement error) and Equation 8 will yield a small number. The square root of Equation 8, the root differential test function (rDTF) expresses the differences between the TCCs in the metric of the observed scores. Thus, the rDTF serves as a useful size measure of bias. Raju et al. (1995) provided equations for determining the statistical significance of the DTP.
Raju (Raju, van der Linden & Fleer 1995) / B e,<*e.
In words, NCDIF is simply the average squared difference between the expected item endorsement probabilities, where the expectations are calculated from the two sets of item parameters. As before, the averaging is computed over the distribution of estimated trait levels for Blacks. In other words, for a given estimate trait level (6) for an individual from the Black sample, we (a) calculate the probability that item j will be endorsed in the keyed direction when using the estimated item parameters from the White calibration, (b) calculate the probability that item j will be endorsed in the keyed direction when using the estimated item parameters from the Black calibration, (c) square the difference between these probabilities, and (d) calculate the weighted average of the squared differences for all Black participants in our sample (/ B (9,) denotes the relative frequency of $,).
Detecting Differential Item and Test
Functioning: An Empirical Example With the MMPI
Method
Participants. Our total sample included MMPI item response data from 1,277 Whites and 511 Blacks. At the time of testing, all participants were young male offenders committed to the California Youth Authority (CYA) between January 1964 and December 1965. These 1,788 individuals are a subset of the 4,164 consecutive CYA intakes from the Reception Guidance Center at the Deuel Vocational Institution in Tracy, California. These data were originally collected as part of a larger study designed to investigate the criminal career paths of youth offenders (Wenk, 1990) . Only MMPI protocols that satisfied purposely conservative selection criteria (described below) were included in the sample. When the data were collected, the average age of the White male offenders was 19.01 years (Mdn -19, SO = 0.98, range = 17-23), and the average age of the Black male offenders was 18.97 years (Mdn = 19, SD = 0.94, range = 16-24). Participant race was coded from official CYA documents (probation records, arrest records, assessment records, etc.). The youth of-fenders in this sample had committed a variety of crimes including murder, auto theft, rape, robbery, burglary, possession of drugs, assault with a deadly weapon, arson, and kidnapping.
As part of the normal CYA intake, all youth offenders are administered an extensive test battery.
Thus, we had access to an unusually rich collection of data. For instance, our data set contained numerous IQ and achievement measures for each participant. Although these other tests are not the focus of this study, a few summary findings from these data deserve mention. In particular, as noted previously, several researchers (reviewed in Greene, 1987) have claimed that observed group differences on the MMPI and MMPI-2 are minimized or eradicated when the groups are matched on IQ or other moderator variables. An examination of the IQ and achievement data for our participants revealed group differences in the range found in many other studies (Jensen, 1998 and Blacks achieved an average score of 84.12 (SD = 13.14). On Raven's Progressive Matrices (Raven, 1960) , Whites achieved an average score of 45.92 (SD = 7.18), and Blacks achieved an average score of 41.80 (SD = 8.50). These group differences are in line with those reported for other samples during the mid 1960s. In this study, no attempt was made to match the two groups on the IQ or achievement data.
Selection of MMPI protocols. When conducting research involving group comparisons, it is particularly important to exclude potentially invalid protocols from the analyses. Unfortunately, not all studies in the MMPI literature have taken this precaution. Greene (1987) noted, for instance, that almost one third of the MMPI racial bias studies included in his review made no mention of how invalid protocols were identified-if indeed they were. For the present study, we decided to use purposely conservative selection criteria that would err on the side of excluding possible valid protocols rather than including possible invalid protocols. After reviewing the literature on MMPI profile validity (Graham, 1993, chap. 3; Greene, 1991, chap. 3), we settled on the following criteria. Protocols were selected if (a) the number of "Cannot say" (omitted) responses was <30, (b) the Gough F-K index was £ 11, (c) Greene's (1978) Carelessness score was -£5, (d) the Lie (L) scale score was £7, and (e) the raw F scale score was <15. Several studies have found that Blacks (Gynther et al., 1978) , delinquent adolescents (McKegney, 1965) , and young adults in general (Archer, 1984 (Archer, , 1987 
Results
Our discussion of Black-White differences on the MMPI is divided into three parts. First, to characterize the personality profiles of our samples, we compare the performance of Whites and Blacks on the MMPI validity and clinical scales. We then tackle the question of MMPI measurement equivalence, at both the item and scale levels, by conducting IRT analyses of 12 MMPI factor scales (Waller, 1999) in the two subgroups. Using the item parameter estimates and estimated latent trait values from these analyses, we then examine differential functioning of items and tests on the (unidimensional) factor scales and the (multidimensional) MMPI validity and clinical scales. MMPI. When computing the score means and standard deviations, we trimmed 2.5% off the lower and upper score distributions to minimize the effects of outliers on the obtained results (Wilcox, 1998) Perhaps an easier way to grasp the similarity of these profiles is to look at the plotted scores in Figure   2 . Note that the profiles in Figure 2 portray the average T scores of the Whites and Blacks. Our results would have differed slightly if we had converted the profiles of average raw scores (that are reported in Table 2 ) into T scores because the MMPI does not use linear T scores (a linear 7" score equals \Qz I + 50).
Because our samples include adolescents and young adults, we have plotted non-AT-corrected 7* scores, consistent with standard practice for these age groups (Archer, 1984 (Archer, , 1987 ). An inspection of these plots bolsters our initial impression that the average profiles for Blacks and Whites are remarkably similar. The small differences that exist are not of sufficient magnitude to warrant different interpretations of the average profiles. Both profiles show the characteristic 4-9 code type (i.e., highest elevations on scales Pd [Psychopathic Deviate] and Ma [Hypomania] ) that is so often seen in delinquent and offender populations (Graham, 1993) .
Although the findings in Table 1 out this possibility, it is necessary to focus our analyses at the latent variable level.
Item response theory analyses of differential item and test functioning on MMPI factor scales.
To rigorously test hypotheses of item and scale bias from a model-based perspective (Embretson, 1996) , we performed IRT analyses on 12 unidimensional factor scales that can be scored on the MMPI. These scales are a subset of the 16 factor scales that are described in Waller (1999) . Each MMPI factor scale was designed to measure a single latent trait. Although no test is strictly unidimensional, the MMPI factor scales are dominated by large first dimensions, and thus they can be considered unidimensional for practical purposes. Four MMPI scales were either too short or otherwise unsuitable for an IRT study and thus are not When we compared the estimated and empirical 2-PLM IRFs, we found that virtually all of the items on the 12 factor scales could be successfully calibrated with the 2-PLM. Specifically, the vast majority of points of the empirical IRFs fell within the 95% tolerance intervals of the estimated 2-PLM IRFs. We should note that these comparisons were conducted after linking the two sets of item parameters to a common metric. To accomplish the item linking, we used the linking procedure of Stocking and Lord (1983) as implemented in the software routine LINKDIF (Waller, 1998) .
Having estimated the item parameters in the two groups, we were finally in a position to look for DIF and DTP in the 12 factor scales. LINKDIF (Waller, 1998) was also used to calculate the five DIF and DTP measures introduced in the previous sections. Table 2 reports our findings for the 11 items of the Phobias and Fears (Ph) factor scale. A graphical display of 2 BILOG uses a normal prior for the latent trait distribution in the marginal maximum-likelihood estimation of item parameters. For some scales, such as the MMPI Ps scale, a normal prior for 0 may be unreasonable. We investigated the influence of the prior distribution of 6 on the final item parameter estimates by also analyzing the data using empirically generated prior distributions (starting from either normal or uniform distributions). These empirical priors were estimated during the item parameter estimation phase (using the BILOG FREE command on the CAL1R line). Our results suggested that the form of the prior had little effect on the final item parameter estimates (though it did have a noticeable effect on the estimated distribution of 8). Thus, without further information, we believe that a normal prior can be justified in these moderately sized samples.
these findings is also provided by the 2-PLM IRFs in construct, it also taps a specific fear (i.e., the fear of being a crime victim) that may be a realistic concern in some environments. For Item 480, on the other hand, the situation is quite different. At a 6 level of 2.00, Whites are more likely than Blacks to answer "True" to the statement "I am often afraid of the dark." We do not know why Blacks and Whites respond differently to this item. We do know that our IRT analyses have elucidated many interesting item differences that provide hypotheses for further study.
As interesting as these item differences are, we remind the readers that differential item functioning does not imply differential test functioning. In other words, although many items on a scale may show evidence of DIP in two groups, the scale may nonetheless provide valid measurement for both groups.
For instance, although several items in the Phobias and Fears factor scale show evidence of DIF (see Table 2 or Figure 3) large sample sizes, and hence large statistical power, one expects to find numerous significant and uninteresting differences when groups are compared on any set of psychological variables (Meehl, 1967 (Meehl, , 1978 .
These findings were neither surprising-in that we would expect similar results on any set of broadband factor scales-nor troublesome. Our results would
give us cause for worry if the item differences produced biased scales. However, the plots in Figure 4 (which also report the rDTF index) demonstrate that the 12 MMPI factor scales are not biased against Blacks or Whites. The TCC plots in Figure 4 reassure us that the 12 MMPI factor scales can be used to make meaningful group comparisons for Blacks and Whites. In other words, in samples where Blacks (Whites) score relatively higher (lower) than Whites (Blacks) on the observed scores from these scales, we can be confident that Blacks (Whites) also score higher (lower) than Whites (Blacks) on the latent variables that are measured by these scales.
The previous analyses provided strong evidence for Black-White measurement equivalence on our 12 MMPI factor scales. We noted that even if the TCCs showed that these scales could not be used to make valid comparisons at the observed score level, we Thus, it was necessary to estimate item parameters for as many of these items as possible. These estimates were obtained as follows.
3 First, in both the White and Black samples, we calculated biserial correlations (using PRELIS 2; Joreskog & Sorbom, 1996) between each of the 87 missing items and the estimated 0 levels from the previous IRT analyses of the MMPI factor scales.
These correlations were used to assign a missing item to one of the factor scales. An item was assigned to a scale if its correlation with that scale was higher than its correlation with any other factor scale in both the White and Black samples. Moreover, the absolute value of the highest item-factor correlation was required to exceed .20. Seventy of the 87 missing items met these liberal criteria and were thus provisionally assigned to a factor scale. Items were retained on the scale if the item could be well modeled by the 2-PLM.
At this point we wanted to estimate item parameters for the 70 recently assigned items in a manner that would not bias the trait level estimates or the item parameter estimates from our original IRT analyses of the factor scales. To accomplish this goal we used marginal maximum-likelihood item parameter estimation as implemented in BILOG 3.10 (Mislevy & Bock, 1990 ). This program is well suited to our task because it allows item parameter estimates to be fixed or freely estimated. Parameters are fixed (i.e., constrained) to user-specified values when a tight Bayesian prior (i.e., a prior with a user-specified mean and a small standard deviation) is placed on the parameter estimate. Parameters are freely estimated when the The above conclusions are further bolstered by considering the multivariate extension of Raju's index of DTP (Raju et al., 1995) . Oshima et al. (1997) have recently demonstrated how this index can be meaningfully applied to multidimensional scales. To do so one computes the estimated true score by summing the (keyed) item response probabilities for all items of a multidimensional scale. These response probabilities are determined by the unidimensional (e.g., Equation 1, supra) or multidimensional IRFs (Ackerman, 1996) that were used to characterize the items. and 9 are biased against Blacks. Although our findings support that contention, they also forcefully suggest that the degree of bias in these scales is minimal.
In particular, the average score differences between Whites and Blacks with equal latent trait values on the dimensions that are tapped by the MMPI are only 1.89 and 1.56 raw score points on Sc and Ma, respectively. These small differences would not result in different clinical interpretations. Nevertheless, researchers wishing to reduce the amount of measurement bias in these scales can easily do so by deleting those items that maximally contribute to the DTP. For instance, our item analyses indicated that MMPI Item 157 contributes the most to the Sc DTP. This item asks examinees whether they have been punished without cause. It is not difficult to understand why Blacks (especially during the mid 1960s when our data were collected) endorse this item more frequently than Whites in our racially tense society, irrespective of their standing on the constructs tapped by the MMPI.
By removing Item 157 the DTP for Sc is lowered from 1.89 to 1.71. We could continue to remove biased items from Sc until the DTP fell below a specific threshold, if desired.
Discussion
In this article we have described several methods for separating true group difference from measurement bias on unidimensional and multidimensional scales. These methods are based on IRT and differ from less formal procedures, such as the difference of means test (Pritchard & Rosenblatt, 1980a) , by equating the groups on the underlying latent traits that are being measured. We have described how unidimensional scales can sometimes be used to generate IRT slope and threshold estimates for items on multidimensional scales, and we have shown how these estimated item parameters can be used to elucidate differential item and test functioning.
Our didactic example includes MMPI data from 1,277 White and 511 Black young adult criminal offenders. Several findings from our analyses were no- (Gough & Bradley, 1996) , or the Multidimensional Personality Questionnaire (Tellegen, 1982; Smith & Reise, 1998) , is likely to contain numerous items that perform differently across various homogeneous groups. However, most psychological research is conducted at the scale level and thus the more important question to ask is whether the items yield biased test scores after they have been aggregated into scales. Our analyses of the MMPI factor, validity, and clinical scales suggest that Whites and Blacks can be meaningfully compared on these scales with little fear that obtained group differences are due to measurement bias. We note that a small amount of bias was found for two MMPI clinical scales (Sc and Ma) but that the magnitude of the bias was insufficient to effect clinical interpretations. Nevertheless, we showed how the IRT methods that we used in this article could also be used to identify items whose removal would be most effective in reducing scale score bias.
An important thesis of this article is that group differences at the item or scale level can arise from measurement bias, actual group differences, or a combination of these influences. A corollary of this thesis is that bias research must necessarily focus on latent trait (unobserved) scores rather than manifest (observed) scores (Meredith & Millsap, 1992) . To conduct bias research at the latent trait level requires one to fit a formal psychometric model to the observed item responses (Embretson, 1996; Lord, 1980) . In this article, we demonstrated how the 2-PLM IRT model could be used to obtain latent trait estimates for the underlying constructs that are tapped by the MMPI factor scales. Model-data fit analyses demonstrated that this psychometric model accurately describes item response behavior on the MMPI. This last point is particularly noteworthy because previous researchers have paid scant attention to the latent structure of the MMPI. Consider, for example, the MMPI Depression scale, also known as Scale 2. There is no consensus in the MMPI community on whether elevated scores on this scale signify higher levels of depression-that is, higher scores on an underlying latent Depression dimension-or whether higher scores imply higher probabilities of belonging to a latent depression taxon (Waller & Meehl, 1998) . This problem is compounded exponentially when one considers that most of the MMPI clinical scales, including Scale 2, are highly multidimensional when modeled by factor analysis (a model that is arguably inappropriate if Scale 2 measures a latent taxon). For this and other reasons, groups that are matched on manifest (i.e., observed) MMPI clinical scales are almost certainly not matched on the underlying latent constructs that the scales implicitly measure. These problems are not unique to the MMPI but plague numerous personality and psychopathology scales.
In recent years there have been repeated calls for model-based personality and psychopathology assessment (Embretson, 1996; Embretson & Herschberger, 1999; Waller, 1999; Waller & Meehl, 1998; Waller, Tellegen, McDonald, & Lykken, 1996) . In this article
we have attempted to demonstrate the benefits of model-based assessment with the MMPI by demonstrating two IRT models that can be used to assess measurement bias at item and scale levels on both homogeneous and heterogeneous scales. Importantly, these models show that scales that contain biased items may nonetheless provide unbiased estimates of the underlying latent traits that influence scale-score performance. Stated more formally, the presence of differential item functioning does not lead inexorably to differential test functioning. Item bias may become amplified or canceled when aggregated at the total score level. These important characteristics of items and tests will remain hidden, however, until researchers adopt a model-based approach to psychological assessment.
